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Abstract Genotoxicity of dichlorvos and butachlor on erythrocytes of Rana zhenhaiensis tadpoles was investigated 
by the alkaline single-cell gel electrophoresis assay or comet assay. Tadpoles were treated for 24 h in the laboratory 
with different concentrations of the testing agents, 2.256, 4.512, 6.768, 9.024, 11.280 mg/L for dichlorvos and 0.292, 
0.584, 0.876, 1.168, 1.460 mg/L for butachlor, to use the comet Assay to test for the significance of dosage responsive- 
ness to an increase in DNA damage, as measured by the mean DNA tail length-to-width ratio. The concentrations of 
4.512 mg/L dichlorvos and 0.876 mg/L butachlor resulted in highly significant increases in DNA damage of the tad- 
poles. There were linear correlations between the mean DNA tail length-to-width ratio and the concentrations of the 
two test substances. Our results showed that the two commonly used agricultural chemicals caused dose dependent 
DNA damage of amphibians, and that comet assay might be a useful tool for measuring DNA damage of tadpoles ex- 


posed in the field. 
Keywords 


1. Introduction 


Global decline in amphibian populations has increasingly 
attracted the attention of scientists in the recent decades 
(Stuart et al., 2004; Beebee and Griffiths, 2005; Xie et 
al., 2007), with diverse speculations regarding the causes 
and mechanisms for this decline being proposed (Ankley 
et al., 1998; Davidson, 2004; Wang and Jia, 2009). 
Chemical contamination as a consequence of pesticide 
application continues to be postulated as a contributing 
factor in this decline (Berrill et al., 1997; Mann and 
Bidwell, 2001). Indeed, amphibians may be at greater 
risk of the toxic effects of pesticides than other aquatic 
vertebrates due to their highly permeable skin and pre- 
ferred breeding habitats which consist of shallow, lentic 
or ephemeral water bodies (Duellman and Trueb, 1994) 
where contaminants may accumulate without substantial 
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dilution. 

Dichlorvos (2, 2-dichlorvinyl dimethylphosphate, 
C4H,Cl,0,P) and butachlor (N-butoxymethyl-a-chloro- 
2-6 diethylacetanilide, Cj7H2.CINO 2) are the most com- 
monly used pesticide and herbicide in China. Dichlorvos 
is an organophosphate pesticide, and it is now widely 
used to kill insect pests in farming, forestry, and the ge- 
neral environment (WHO, 1989; ATSDR, 1997). Buta- 
chlor, as an herbicide, is now widely used in Asia and 
South America and is applied either pre-emergence or 
early post-emergence to control a large variety of annual 
grasses and some broad-leaved weeds. More than 10,000 
tons (10’ kg) of each is produced annually in China, with 
production expected to increase in the future (Hu, 1998; 
Yao et al., 2003). Because the two chemicals have been 
frequently applied, their potential negative impacts need 
to be carefully considered. 

Rana zhenhaiensis (Anura: Ranidae) is widely distri- 
buted in southeastern China. It was chosen as the test ani- 
mal for this study due to its presence in many disturbed 
agricultural areas, and its reproductive period is relatively 
long (Cai, 1979). The chance for the tadpoles of R. zhen- 
haiensis to contact dichlorvos and butachlor is very high. 
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In addition, a previous biomonitoring study found that the 
amount of DNA damage detected in the tadpoles from 
agricultural areas was significantly higher than that in 
those from nonagricultural areas (Ralph et al., 1996). 
Genotoxicity is a capacity of an agent to cause damage 
to the genetic material either directly or indirectly. 
Genotoxicity testing may help to explain or predict po- 
tential damaging degree of a chemical on living orga- 
nisms or population. To provide the scientific information 
for protecting amphibian populations, and evaluating and 
monitoring water pollution using amphibians as bioindica- 
tor, we evaluated the DNA damage of R. zhenhaiensis tad- 
poles caused by dichlorvos and butachlor by using the 
single cell gel electrophoresis (SCGE) or comet assay. 


2. Materials and Methods 


2.1 Chemicals Dichlorvos was provided by the Dachen 
Pesticides Factory (Shandong, China), and butachlor by 
the Qingfeng Pesticides Corporation (Hangzhou, China). 
The general reagents and chemicals used for the comet 
assay were purchased from BBI (Ontario, Canada) and 
Sigma (St. Louis, USA). 


2.2 Animals 
zhenhaiensis were collected from farm fields in Rixi 


A total of 6 fertilized egg masses of R. 


Town, about 40 km northwest from Fuzhou in Fujian 
Province, China and grown into middle-stage tadpoles 
with total length of about 15.28+2.01 mm (Gosner-stage 
35-36; Gosner, 1960) in laboratory. 


2.3 Treatment The maximum test concentrations used 
in the assays were based on the 96-h LDso concentration 
for dichlorvos (11.280 mg/L) and butachlor (1.460 mg/L) 
(Geng et al., 2005). From these concentrations, a series of 
four 20% dilutions were used to make low concentrations 


down to 2.256 mg/L and 0.292 mg/L (Table 1), respec- 
tively. A 24-h exposure to all the concentrations resulted 
in 100% tadpole survival. 

A total of 216 tadpoles were divided into three parts, 
with each part consisting of 72 individuals. Treatments 
were replicated 3 times. Exposures of 72 tadpoles, there 
were 6 tadpoles per group including negative, positive 
controls and various treated groups. The negative, posi- 
tive controls and treated groups were conducted in the 
dark in 2-L beakers containing 1500 ml of dechlorinated 
water, 3.125 mg/L methyl methanesulfonate (MMS) and 
5 varying concentrations of dichlorvos and butachlor, 
respectively. After exposure for 24 h, the tadpoles were 
removed and blood samples were collected immediately. 


2.4 Comet assay To collect erythrocytes, the tadpoles 
were decapitated individually and placed immediately in 
1 mL of cold phosphate buffered saline (PBS, calcium- 
and magnesium- free) for 5 min. Cometassay was per- 
formed as described previously (Geng et al., 2005a). In 
brief, each roughened microscope slide was coated with 
90 uL of 0.7 % NMA at 37°C, and then covered with a 
coverslip and transferred to a humidified box at 4°C for 
20 min to allow the solidification of agarose. Subse- 
quently, the erythrocytes (15 uL) were mixed with 0.7 % 
LMA (60 uL), and then pipetted onto fully frosted slides 
and covered with coverslips. The slides were stored in the 
dark at 4°C to allow complete polymerization of the aga- 
rose. After removing the coverslips, the slides were im- 
mersed into freshly made lysing solution (2.5 mol/L NaCl, 
100 mmol/L Na EDTA, 10 mmol/L Tris, 1% Triton 
X-100, 10% DMSO, pH 10) and incubated at 4°C in the 
dark for 2 h. Sequentially, the slides were drained and 
placed in an alkaline electrophoresis buffer (1 mmol/L 
Na,EDTA, 300 mmol/L NaOH, pH 13) for 30 min. For 
the electrophoresis, the power supply was set at 20 V 


Table 1 Detection of DNA damage, measured by the mean DNA length-to-width ratios, in erythrocytes of R. zhenhaiensis tadpoles after a 


24-h whole-body exposure to dechlorinated water, MMS and various concentrations of dichlorvos. 


Dose (mg/L) Number of tested tadpoles DNA length : width ratio + SE" Pp? Range: SD ratio 
Dichlorvos 11.280 6 2.119 + 0.591 <0.001 3.881 
9.024 6 1.751 + 0.473 <0.001 4.347 
6.768 6 1.657 + 0.589 <0.001 3.739 
4.512 6 1.474 + 0.433 <0.001 5.069 
2.256 6 1.080 + 0.336 <0.05 4.563 
Negative control 6 1.018 + 0.348 4.129 
Positive control (MMS 3.125 mg/L) 6 1.898 + 0.694 <0.001 4.636 


*: Ratios based on 100 cells/tadpole. 
>: All comparisons are relative to the negative control. The same below. 
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(0.714 V/cm) and the current was adjusted to 200 mA by 
slowly changing the buffer level in the tray. The slides 
were electrophoresed in the dark at 4°C for 30 min. After 
electrophoresis, the slides were placed in a staining tray 
and covered with a pH 7.5 Tris-HCI neutralizing buffer in 
the dark for 5 min. This last step was repeated 3 times. 
The slides were then drained, overlayered with 20 ng/mL 
EtBr, covered with coverslips, and examined under a 
fluorescence microscope at a magnification of 400 times. 
All the slides were coded and examined blindly. Rou- 
tinely, 100 cells were examined per animal. 


2.5 Statistical analysis The DNA length-to-width ra- 
tios were used in all comparisons (Clements et al., 1997; 
Ralph and Petras, 1998; Rajaguru et al., 2001). Data were 
obtained from duplicate slides. The results from the 5 
treated groups were compared with those from negative 
control groups using non-parametric comparisons (Kruskal- 
Wallis test). The extent of intercellular heterogeneity 
within each of the data sets was determined from the 
range of the DNA length-to-width ratios to the standard 
deviation (SD) of these ratios. The values below 2 or 
above 6 indicated the data to be extremely homogeneous 
or extremely heterogeneous (Vijayalaxmi et al., 1992). 
Linear regression analyses were performed to establish 
the relationship between the dosages of the two sub- 
stances and induced DNA damage. All the data were 
analyzed using statistical software SPSS 12.0. Values are 


presented as mean + standard error of mean (SE), and 
significance level is set at a = 0.05. 


3. Results 


No death or overt signs of morbidity of the tadpoles were 


observed after the treatment. The mean values (+ SE) of 
DNA length-to-width ratios are summarized in Table 1 


and 2. Both the chemical substances increased the DNA 
damage observed in the tadpoles in a dose-responsive 
manner. There were strong linear correlations between 
the mean DNA length-to-width ratios and the concentra- 
tions of the two test substances: Dichlorvos, y = 0.966 + 
0.098 x, r? = 0.964, P < 0.01; and butachlor, y =0.775 + 
0.842 x, r’ = 0.814, P < 0.05. 

The tadpoles exposed to the lower concentrations of 
butachlor (0.292 mg/L and 0.584 mg/L) did not show a 
significant increase in the mean DNA length-to-width 


ratios compared to those of the negative control (P > 
0.05). However, the tadpoles exposed to the lower con- 
centrations of dichlorvos (2.256 mg/L) showed a sig- 
nificant increase in DNA damage (P < 0.05), and the 
tadpoles exposed to higher concentrations of the two 
test substances (4.512, 6.768, 9.024 and 11.280 mg/L 
for dichlorvos, and 0.876, 1.168 and 1.460 mg/L for 
butachlor) showed a very significant increase in DNA 
damage (P < 0.01). Similarly, the tadpoles exposed to 
MMS showed a significant increase in DNA damage 
(P < 0.01). 

Figure 1 shows the distribution of DNA damage in in- 
dividual cells. Of the tadpoles treated with increasing 
concentrations of the two test substances, higher propor- 
tions of cells had greater amount of DNA damage than 
those of the negative control. This visual observation was 
confirmed by the higher dispersion of the data. In all 
cases, the range-to-SD ratios (Tables 1, 2) indicated that 
the intercellular distribution of DNA damage was neither 
extremely homogeneous, nor extremely heterogeneous. 
The values ranged between 3.739 and 5.069 for dichlor- 
vos, with an average of 4.320, while those for butachlor 
between 3.408 and 5.212, with an average of 4.275. The 
ratios for the negative and positive controls were 4.129 
and 4.636, respectively. 


Table 2 Detection of DNA damage, measured by the mean DNA length-to-width ratios, in erythrocytes of R. zhenhaiensis tadpoles after a 


24-h whole-body exposure to dechlorinated water, MMS and various concentrations of butachlor. 


Dose (mg/L) Number of tested tadpoles DNA length: width ratio + SE* P’ Range: SD ratio 
Butachlor 1.460 6 2.268 + 0.547 <0.001 4.950 
1.168 6 1.726 + 0.632 <0.001 3.938 
0.876 6 1.265 + 0.513 <0.01 3.408 
0.584 6 1.043 + 0.361 >0.05 5.212 
0.292 6 1.016 + 0.446 >0.05 3.865 
Negative control 6 1.018 + 0.348 4.129 
Positive control (MMS 3.125 mg/L) 6 1.898 + 0.694 <0.001 4.636 
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Figure 1 Distribution of DNA damage (based on tail lengths of DNA patterns pooled across 6 tadpoles in each dose group) observed at the 
cellular level in R. zhenhaiensis tadpoles after exposure for a 24-h period to dechlorinated water, MMS and selected concentrations of di- 


chlorvos (A) and butachlor (B) 
4. Discussion 


Comet assay is currently one of the most commonly used 
tools to measure genotoxicity of pollutants on organism, 
and is now widely applied in toxicology, biology, medi- 
cine and biomonitoring. It detects DNA damage in indi- 
vidual cells (Olive et al., 1990; Clements et al., 1997). 
Since relatively few cells are required (i.e., a few hun- 
dreds), any of the cells that have a nucleus can be used, 
and the assay has been shown to be sensitive to a large 
number of mutagens (Rajaguru et al., 2001). In addition, 
the ability of this procedure to identify “sensitive” cells in 
an otherwise normal population of cells permits analysis 
of low dose-responsive relationships (Tice, 1995). Our 
results prove these properties again. In the present study, 
commercial preparations of the agents were tested be- 
cause of these forms to which organisms are exposed in 
their natural environment. 

The toxicity of dichlorvos has been reported in nu- 
merous studies (Cakira and Sarikaya, 2005; Geng et al., 
2005b; Booth et al., 2007). A study that was conducted 
with appropriate experimental design, although limited 
by its poor survival rate, indicated a significant increase 
in incidence of stomach tumors in female mice and pan- 
creatic tumors in male rats that were fed with dichlorvos 
(Chan et al., 1991). Wooder and Wright (1981) reported 
that dichlorvos was an alkylating agent, and as such it can 
potentially induce mutations. Dichlorvos was found to 
induce chromosome aberrations and increase sister chro- 
matid exchanges in human lymphocytes (Shen et al., 
1989). According to these results and our findings, in- 


cluding our previous study (Geng et al., 2005a, 2006), 
this pesticide has a negative impact on the amphibian 
populations and environment. 

Although numerous studies have reported the toxicity 
of butachlor, little information is available on its 
genotoxicity (Geng et al., 2005a). It has been shown that 
bioaccumulation of a herbicide can occur in fish, clam, 
and shrimp (Wang et al., 1992). Butachlor can induce 
erythrocyte alterations in the catfish Clarias batrachus 
and abnormality of human lymphocyte chromosomes 
(Ateeq et al., 2002). Our findings are consistent with 
these results and indicate that butachlor causes DNA 
damage in tadpoles. 

Many studies show that amphibian tadpoles are sus- 
ceptible to genetic damage caused by short-term exposure 
to low concentrations of chemicals (Ralph et al., 1996; 
Clements et al., 1997). Because of preferring small water 
bodies (e.g., creeks, ponds and drainage ditches) as their 
breeding habitats, similar exposure to and impact on 
these tadpoles can occur in the natural environment. 
Combined with the field studies (Ralph et al., 1996), our 
study shows amphibian tadpoles may be considered as a 
sensitive biomonitor for detecting the genotoxic potential 
of pesticide and herbicide contaminants. 

In conclusion, dichlorvos and butaclor, because of 
their genotoxicity at relatively low concentrations, 
dose-dependent responses, frequent application and broad 
array of uses, likely pose a threat to organisms inhabiting 
in small water bodies receiving the runoff with pesticides. 
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